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LSND signal

s Assuming two neutrino oscillations
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Other hints

A Reactor anomaly
I Rameagpred=0.943+0.023
i P~10%nm~1leV

A Solar calibration
experiments
I Rameagpred= 0.86x0.06

A Cosmology
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Booster Neutrino Beam
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(antineutrino mode)

s Similar L/E as LSND

s MiniBooNE 500m/~500MeV
s LSND 30m/~30MeV
s Horn focused neutrino beam (p+Be)
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Predicted neutrino flux (MC)
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d2oldpdQ, (mb c/(GeV sr))

Hadronproduction

Pions
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Using HARP data

I 8 GeVprotons ons% Be
target

Splinefits to parameterize the
data

Kaons

K* Production Data and Fit (Scaled to Py, = 8.88 GeV)

O Aleshin 9.5 GeV ¢ Voronsov 10.1 GeV
® Allaby 19.2 GeV O Abbott 14.6 GeV

% Dekkers 20.9 GeV % FEichten 24.0 GeV
* Marmer 12.3 GeV

25 5
Py (Gev/c)

A Kaondata taken on multiple

targets in10-24 GeVrange

A Fit to world data usingfeyrman

scaling

A 30% overall uncertaintgssesed



80 mineral oil Cherenkov

One detector experiment
detector

MiniBooNE
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10 years of running

o
Detector and beam extremely stable §
Neutrino/POT within 2% g
Detector calibration stable at 1% level
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Events in MB

|dentify events using timing and hit topology
Use primarily Cherenkov light
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Events/MeV

A, CCQE Backgrounds

A Similar backgrounds in neutrino (left) and
antineutrino mode (right)

A Use bothMiniBooNEand external data to constrain
each background
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What's new since last oscillation publication?

In situ measurement of WS contamination "'F erescteo congostion e
. . = Vo e |
in anti -3 beam s na

| 3, CCQE ‘
3, CCQE angular fit, and new constrain from m“’ = angular fit ) o
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neutrino flux scale
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New SciBooNE constraint on intrinsic 3, from K+ Ey (MeV)

Found K+ production to be 0.85 + 0.12 relative to

o . SO i ~Data
prediction, consistent with prior MiniBooNE ; %E,C
assessment of 1.00 = 0.30 i ot
Combined with world K+ production data, reduces B _ SciBar 2-Track

error on K+ flux to 9% in MB En range

Leading error on K+ bkgs becomes ~20% error

from cross -section Muon Ang!e (degrees)'
Phys.Rev.D84,012009 (2011)



What's new since last oscillation publication?

Few other minor updates...

Higher stats for all MC samples, reduces fluctuations in error matrices
Added error matrix for intrinsic 3, fromK -

Improved smoothing algorithm that was being used to assess systematics due to
discriminator thresholds and PMT response

C C U events ( bkg for 3, CCQE when U +is absorbed) Q 2 reweighting applied based
on internal MB measurement
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Error Bands
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Main improvement...doubling of anfl stats

A Statistics of anti -neutrino running has doubled
since Phys.Rev.Lett. 105 181801 (2010)

A 5.66e20 POT--> 11.3e20 POT
» higher statistics in anti -3, appearance
A ...and samples used for constraints
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Updated Neutrino Appearance results ]
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Excess Events/MeV

Events/MeV

What can we say about lo# excess

Neutrino . Not a stat fluctuation, statistically
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Antineutrino Appearance results
11.3x1G° POT
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c2(null) 16.3 7.59
Prob(null) 5.8% 26.4%
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L/E dependence
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A CP violation

A Better fit to world data

Neutrino

3+2 model

Oscillation Probability
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3+2 best fit
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3+N models require large disappearance

s In general:
P, -

m

mn,) <%1 Pn,.- n)Pn,- )

s From reactor experiments:

P, - ) ~10%
s From LSNDJiniBooNE

P@, - 71.)~0.25%
s | herefore:

P, - 71)>10%

*Assuming light neutrinos are mostly active and sterile
neutrinos are heavy



Combineds, disappearance

JointSciBooNBVIiniBooNE s BT et
analysis E - oo
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Combined3s, disappearance

JointSciBooNBMVIiniBooNE
analysis

Compatible with no oscillation:
. C  LJ2 A=pb.0 eV sir2
0.086

.2=40.0 (probability47.1%) at
the best fit point

.2=43.5 (probability41.2%) for
the null hypothesis

Probabilities are based on fake
data studies

06 08 1
sin®(20)

0.2 0.4
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